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A SPECTROPHOTOMETRIC ASSAY FOR
THE ENZYME CATALYZEDREACTION OF
4-NITROQUINOLINE 1-OXIDE WITH GLUTATHIONE
J. STEVEN STANLEY and ANN M. BENSON
Department of Biochemistry
University of Arkansas for Medical Sciences
Little Rock, AR 72205
ABSTRACT
4-Nitroquinoline 1-oxide (4NQO( is a toxic and carcinogenic compound that has been reported to be
subject to conjugation with glutathione (GSH). This reaction may proceed non-enzymatically or be catalyzed
by GSH transferases. The non-enzymatic rate for this reaction has been reported to be very high. The
purposes of this investigation were todevelop a spectrophotometric assay for the reaction of4NQO with
GSH and to determine whether the rate for the enzyme catalyzed reaction was significant relative to the
non-enzymatic reaction. The absorbance spectrum of 4NQO in phosphate buffer exhibited a maximum
at 365 nm. Reaction of 4NQO with GSH was accompanied by a shift to 353 nm and an absorbance
increase which was maximal at 350 nm. The formation ofproduct could be quantitated from the increase
in absorbance at 350 nm, where the change in the millimolar extinction coefficient was 7.20 mM~ 1 cm" \
Although the non-enzymatic reaction of4NQO and GSH proceeded rapidly at or above pH 8, at physiological
pH this reaction was largely enzyme dependent. Inan assay system containing 0.1 mM 4NQO, 1 mM
GSH, and 0.1 Mpotassium phosphate, at 25 °C, the conjugation of 4NQO with GSH by mouse livercytosol
was optimal at pH 6.5
-
7.5. At pH 6.5 and 1 mM GSH, a GSH transferase purified from mouse liver
catalyzed the reaction of 4NQO with GSH witha maximum velocity of156 /imoles/min per mg of protein.
The Km for 4NQO was 35 fiM.The high activity of liver cytosol in promoting the reaction of 4NQO with
GSH and the high affinity of the purified GSH transferase for 4NQO suggest that enzymatic catalysis of
this reaction may be of considerable significance in vivo.
INTRODUCTION
4-Nitroquinoline 1-oxide (4NQO) is a toxic and carcinogenic com-
pound that has been shown to cause tumors ofthe lung, forestomach,
glandular stomach, mouth, esophagus, liver and skin ofrodents (Ito,
1981). Both enzymatic and non-enzymatic conjugations of4NQO with
glutathione (GSH) have been reported (Al-Kassab et al., 1963;
Chasseaud, 1979). This reaction, shown in Figure 1, has been de-
scribed as an addition-elimination reaction resulting in the formation
of a thioether (Chasseaud, 1979). Two types of assays for the rate of
reaction of 4NQO and GSH have been described. Varnes and Biaglow
(1979) noted that both an increase in absorbance at 354 nm and the
appearance of a fluorescent band at 420 nm appeared to accompany
the formation of a GSH-quinoline 1-oxide conjugate. Changes in
fluorescence in the 420 nm to 3000 nm range were used to quantitate
4-Nitroquinoline N-Oxide Conjugate
NO 2 GS
I^^Tli + GSH |> rTl^l + HNO2
Figure 1. The conjugation of 4NQO with GSH.
the reaction of GSH and 4NQO. The absorbance increase at 354 nmwas consistently observed, whereas the fluorescence at 420 nm was in
some cases not detected. A causal relationship between the formation
°fproduct and the appearance of fluorescence at 420 nm appears not
to have been established. Al-Kassab et al. (1963) measured the reac-
tion of 4NQO with GSH by quantitation of the nitrite released. The
non-enzymatic reaction was very rapid under the assay conditions
used (pM8.0, 6 mM GSH), and this imposed severe limitations upon
the ease and applicability of the assay procedure. Nevertheless, these
investigators were successful indemonstrating catalysis of the reaction
by rat livercytosol. The GSH transferases, a familyofcytosolic detox-
ication enzymes, catalyze the conjugation of numerous xenobiotics with
GSH (Jakoby and Keen, 1977; Habig, 1983). However, ithas not been
clear whether these enzymes may have a significant role in promoting
the reaction of 4NQO with GSH, in relation to the rate at which this
reaction occurs non-enzymatically.
The present investigation had two purposes
—
to develop a quan-
titative spectrophotometric assay for the reaction of 4NQO withGSH,
and to establish whether the rate for the enzyme-catalyzed reaction was
significant relative to the non-enzymatic reaction.
MATERIALSAND METHODS
Aldrich Chemical Company supplied the 4NQO. Sigma Chemical
Company supplied the GSH. Preparation of mouse liver cytosol and
of a purified GSH transferase was performed by methods that have
been described previously (Pearson et al., 1983). The GSH transferase
isozyme, GT-8.8b, yielded a single coincident peak ofenzyme activity
and protein on preparative isoelectric focusing and a single Coomassie
blue staining band after electrophoresis inpolyacrylamide gels under
denaturing conditions. Inthose assays catalyzed withmouse livercytosol,
2 fi\ of10-fold diluted cytosol wereused. This represents 9.5 jtgof pro-
tein in the 1 ml assay system. Spectrophotometric measurements were
made on a Beckman DU-6 spectrophotometer withkinetics accessory.
Product formation was linear with time and with enzyme concentra-
tion under the assay conditions used in these studies. Protein concen-
trations were measured by the method of Lowry et al. (1951).
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RESULTS
The absorbance spectrum of 4NQO in phosphate buffer at pH 6.5
and 25 °C exhibited a maximum at 365 nm (Fig. 2). Addition of GSH
(6mM) to 4NQO (0.1 mM) yielded an increase in absorbance and a shift
Figure 3. Difference spectrum ofthe reaction product of 4NQO and
GSH, vs.4NQO. The concentrations and conditions were as described
in the legend to Fig. 2.
Figure 2. Absorbance spectra of 0.1 mM 4NQO and of the product
formed by its complete enzymatic reaction withGSH (1mM).Samples
and blanks were in phosphate buffer, pH6.5, at 25 °C and contained
0.2 fi\ of mouse liver cytosol.
in the maximum to 353 nm. No further change was seen after 150
minutes. Inthe presence of mouse liver cytosol, 1.0 mM GSH, and 0.1
mM 4NQO, the identical spectral changes were observed. Figure 2shows
the spectrum of4NQO and the spectrum ofthe product after complete
enzymatic reaction with GSH. The difference spectrum (Fig. 3) shows
that the maximum change in absorbance occurred at 350 nm. Product
formation could be quantitated from the change in the millimolar ex-
tinction coefficient (AE) at 350 nm, which was 7.2 mM^cm"1. The
dependence of the enzymatic and non-enzymatic reaction rates on pH
was examined at 25 °C in an assay system containing 1.0 mM GSH,
0.1 mM 4NQO, and 0.1 Mpotassium phosphate. The enzymatic reac-
tion was catalyzed by mouse liver cytosol. Figure 4 shows how these
reaction rates were affected as the pH was increased from 5 to 8. The Figure 4. Enzymatic and non-enzymatic reactions of 0.1 mM 4NQO
withGSH (1mM) at 25 °C as a function of pH. The enzymatic reac-
tion was catalyzed by 0.2 fi\ of mouse liver cytosol.
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optimum enzymatic rate occurred between pH 6.5 and pH7.5. The non-
enzymatic rate rose with pH, increasing most rapidly above pH 7.7.
Some of the kinetic characteristics of the enzyme catalyzed reaction
between 4NQO and GSH were examined, using a GSH transferase
isozyme that had been purified to apparent homogeneity from mouse
liver cytosol. The concentrations of 4NQO and GSH were optimized.
The standard 1 ml assay system contained 0.1 Mpotassium phosphate,
pH 6.5, 1.0 mM GSH, 0.05 mM 4NQO, and 0.06 jtgof enzyme. The
reaction was initiated by the addition of the 4NOQ in 10 piofethanol.
The concentration of 4NQO was varied between 0.05 mM and 0.003
mM for the kinetics studies. The purified GSH transferase catalyzed
the reaction of4NQO and GSH withhigh efficiency. Kinetic analysis
(Fig. 5) revealed that the enzyme had a Km for 4NQO of 35 /*M.The
maximum velocity was 156 /unol/min per mg of GSH transferase.
Figure 5. Double reciprocal plot of4NQO concentration vs. initialveloci-
ty of the reaction of 4NQO withGSH (1 mM) in phosphate buffer at
pH 6.5 and 25 °C. The reactions were catalyzed by a GSH transferse
that had been purified from mouse liver cytosol.
DISCUSSION
The spectrophotometric assay described above is a rapid and conve-
nient method for quantitating the reaction between 4NQO and GSH.
The sensitivity was far greater than that obtained by measurement of
nitrite released (Al-Kassab et a/., 1963), and product formation could
be monitored continuously. Results obtained by application of this assay
method showed that the non-enzymatic reaction of 4NQO with GSH
increased with pHand became quite substantial at pH 8. However, in
the most prevalent physiological pH range the role of glutathione
transferases inpromoting the reaction between 4NQO and GSH is clearly
of much greater quantitative significance than the non-enzymatic
reaction.
ACKNOWLEDGEMENT
This investigation was supported by Grant #BC-541
from the American Cancer Society.
LITERATURE CITED
AL-KASSAB, S., E. BOYLAND, and K. WILLIAMS. 1963. An
enzyme from rat liver catalyzing conjugations with glutathione.
2. Replacement of nitro groups. Biochem. J. 87:4-9.
CHASSEAUD, L.F. 1979. The role of glutathione and glutathione
S-transferases in the metabolism ofchemical carcinogens and other
electrophilic agents. Adv. Cancer Res. 29:175-274.
HABIG, W. H. 1983. Glutathione S-transferases: versatile enzymes of
detoxication. Pp. 169-190, in (O.F. Nygaard and M. G. Simic, eds.)
Radioprotectors and anticarcinogens. Academic Press, New York.
ITO, N. 1981. Invitro carcinogenesis by 4-nitroquinoline 1-oxide and
related compounds. Pp. 117-153, in (T. Sugimura, ed.) Carcino-
genesis
—
A comprehensive survey, volume 6; the nitroquinolines.
Raven Press, New York, viii + 159 pp.
JAKOBY, W. B. 1978. The glutathione S-transferases: a group of
multifunctional detoxication proteins. Adv. Enzymol. 46:383-414.
JAKOBY, W. B. and J. H. KEEN. 1977. A triple-threat in detoxifica-
tion: the glutathione S-transferases. Trends in Biochem. Sci.
2:229-232.
LOWRY, O. H., N. J. ROSEBROUGH, A. L. FARR, and R. J.
RANDALL. 1951. Protein measurement with the Folin phenol
reagent. J. Biol. Chem. 193:265-275.
PEARSON, W. B., J. J. WINDLE, J. F. MORROW, A. M.BENSON,
and P. TALALAY. 1983. Increased synthesis of glutathione
S-transferases in response to anticarcinogenic antioxidants.
Cloning and measurement of messenger RNA. J. Biol. Chem.
258:2052-2062.
VARNES, M. E. and J. E. BIAGLOW. 1979. Interactions of the
carcinogen 4-nitroquinoline 1-oxide with the non-protein thiols of
mammalian cells. Cancer Res. 39:2960-2965.
81
Journal of the Arkansas Academy of Science, Vol. 41 [1987], Art. 21
Published by Arkansas Academy of Science, 1987
